A 2 x 2 factorial experiment was conducted using growing lambs to compare single-level vs double-decked pens and high (.32 m'/lamb) vs low (.48 m 2/lamb) densities. Three replicates of each treatment combination were involved using 30 lambs/pen. In the double-decked pens, an upper deck located over the rear section of the lower level provided one-third of the total floor area. Feed and water were provided on the lower level only and lambs could move freely between levels by means of a slatted ramp. All floors were of expanded metal. Use of the various areas of the pens was determined during a 24-h observation and by a videotape recording of the double-decked pens during the daylight hours. Fleece contamination was determined by visual observation and standard wool testing procedures. Gain was determined over the 8-wk period of each replicate. The high density treatment resulted in 1.5 kg/lamb (10%) less gain (P<.01) and, in the case of double-decked pens, different patterns of space utilization compared with the low density treatment. Lambs in the low density pens were able to move more successfully from resting areas to the feeding area in the afternoon (P<.01). The double-decked system did not significantly affect weight gain, but resuhed in dirtier fleeces (P<.01). Approximately one-half of the lambs were never observed to use the t The authors wish m thank the staff of the sheep unit at the Dixon Springs Agricultural Center and A. M. Baker, K. A. Rohde and C. L. Petrie for their assistance.
upper deck, and these individuals had dirtier fleeces than did those that used the upper deck frequently (P<.05). It was concluded that maintaining lambs at a density of .32 m2/lamb resulted in poorer growth and that the addition of an upper deck could be an effective means of reducing density. However, double decking using expanded metal floors resulted in contaminated fleeces. (Key words: Lambs, Space, Decking, Behavior, Growth, Wool.)
I ntroduction
Confinement facilities are expensive and considerable effort has been directed toward determining the space requirements of various livestock species. Space has usually been examined as a linear property (e.g., feeder space; Wallace et al., 1978) or in two dimensions (e.g., floor area; Arehart et al., 1972; Randolph et al., 1981) . A floor space allotment of a .37 m 2 has been compared with larger allotments for feeder lambs up to 45 kg but no significant differences in performance were detected (Arehart et al., 1969) .
A third dimension of space is the vertical component, and various attempts have been made to utilize height in confinement facilities. One approach is to have several independent decks in the building, each complete with feed, water and resting facilities (Kornegay et al., 1980) . Another, in which the animals move freely in both horizontal and vertical planes, is perhaps restricted to aquaculture. Intermediate systems, in which animals move vertically between horizontal planes, exist in poultry facilities (Wegner, 1980) and are advantageous in that feed and water need be provided only at one level. Such a system, in which lambs could move between levels by means of ramps or steps, may be suitable for lambs that demonstrate a natural inclination to climb objects in
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JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 5, 1985 their pen. This trial was designed to evaluate the productivity of growing lambs in single-level and double-decked systems with two floor space allotments, and to examine the behavior of the animals in relation to space utilization.
Materials and Methods
The experiment was a 2 x 2 factorial comparing single-level vs double-decked pens and two degrees of floor space allowance (density). The single level pens and the lower level of the double-decked pens were twice as long as they were wide. The upper deck was square and represented one-third of the total area of the double-decked pens. The high density lambs were provided .32 m 2 of floor space/ lamb and the low density .48 m2/lamb. All pens contained 30 lambs. Further details of pen size are given in table 1.
The upper deck of the double-decked pens was elevated i m above the rear half of the lower level (figure 1). A slatted ramp (.6 x 1.2 m), with an initial .2 m step, allowed lambs to move freely between the two levels. All floors were expanded metal (2 x 4 cm openings), and manure from both levels fell into a storage area below the lower level. Walls of both levels were wire panels with the exception of one wooden wall along the width of the lower level. The feeder was incorporated into a wall along the width of the lower level and the water bowl was midway along the length of the lower level. The feed consisted of corn (60%; IFN 4-02-914), soybean meal (11%; IFN 5-04-93), ground, mixed hay (20%; IFN 1-01-532) and vitamin and mineral supplements and was available ad libitum. The single-level pens were identical to the lower level of the double-decked pens.
Three replicates of the treatment combinations were conducted. Two replicates were run simultaneously during June and July (average initial lamb wt 27.7 kg). The third replicate was run in September and October (average initial lamb wt 28.8 kg). The lambs were primarily crossbreds from Suffolk, Targhee or Rambouillet sires and crossbred ewes. Lambs within breed type were randomly allocated to pens. The trials were terminated on d 56.
In replicates 1 and 2 the animals were observed on d 28 to determine the use of the different areas of the pen and the frequency of various activities among the lambs. Scan samples (Lehner, 1979) of the eight pens were made at 15-rain intervals for a 24-h period to determine the number of lambs standing (including feeding or drinking) and lying in the front half of the single level or lower deck, the rear half of the single level or lower deck and the upper deck. Observations were made from an alley adjacent to the pen with care taken to minimize observer interference.
During the final 2 wk of replicates 1 and 2, Figure 1 . Diagram of a double-decked pen.
the lambs in the double-decked pens were videotaped to determine which animals used the upper deck. Lambs were paint branded on their sides, and the ramp area was videotaped for 9 h beginning at approximately 0900 h. The four double-decked pens were each observed for 1 d. The videotapes were viewed to determine which lambs used the upper deck and the frequency and total time they spent on the upper deck during the 9-h period.
On d 30 of replicates 1 and 2 and at the completion of replicate 3, the fleeces of the lambs were examined. Based on the condition of the wool over the loin of the lamb, a subjective score was given for dirtiness ranging from 1 (very clean, no particles present) to 5 (very extensive contamination with urine and fecal material). A penetration score was also assigned depending upon the depth of penetration of apparent stain into the fleece (0 = no penetration, 4 = penetration to the skin). On d 31 of replicates 1 and 2, the lambs were sheared to reduce susceptibility to heat stress during the hot weather. The fleeces from 10 lambs in each pen were sampled and analyzed at the Utah State University Wool Laboratory for percentage clean yield after scouring with soap and soda ash (von Bergen, 1963) , percentage vegetable matter based on the caustic soda method and a stain score based on visual appraisal of scoured samples in plastic bags (1 = absence of stain; 5 = heavy staining with deep penetration).
On d 56 of each replicate, the lambs were weighed and total gain determined. At the termination of replicate 1, feces were collected from the four pens during a 24-h period by placing a solid floor several inches below the existing metal floors. The feces were collected separately from each of three areas: the front and rear halves of the lower level and, in the case of the double-decked pens, from the upper deck. The collections were sampled and dried to determine fecal dry matter production in each area.
Analysis of behavioral variables included the proportions of lambs standing and lying in all treatment combinations and by time of day. Within decking treatments, an analysis of standing and lying by area and time of day was performed. Within the double-decked pens, the amount of time spent on the upper deck and frequency of use of the upper deck were determined for those lambs observed to use the upper deck. Production variables analyzed for all treatment combinations were gain, dirtiness score, penetration score, yield of scoured wool, vegetable matter in the wool and stain score. These same variables were compared between the lambs observed to use the upper deck and those that were not, in the double-decked pens. In an analysis of variance, replicate was considered a random effect while density and decking were fixed. The error term used to test these effects and the density • decking interaction consisted of the combined interaction terms involving replicate. When time of day was included in the model, a split-plot analysis was performed with time and its interactions being tested in the subplot. Time of day was coded as six 4-h periods beginning at midnight. Residual correlations among fleece characteristics were determined on a within pen basis (Steel and Torrie, 1980) .
Results and Discussion
24-Hour Observations. The proportion of lambs standing did not differ among treatments (X=39.2%), but varied with the time of day (P<.01), with the highest proportions being in the afternoon and evening (table 2). Similar patterns of behavior were reported by Shreffler and Hohenboken (1980) . The effect of time on the proportion of lambs standing or lying was similar in both single-and double-deck pens.
The distribution of lambs that were standing and lying in the front and rear of the singlelevel pens for each period of the day is presented in figure 2. Within the single-level pens there was no difference in total number of lambs in the front vs rear half of the pen, but the front of the pen was used more for standing (P<.01), the rear more for lying (P<.01). There was a significant shifting of lambs from the rear to the front of the pen in the afternoon (P<.01). This increase in total lambs in the front was due to an increase in the number of lambs standing there (P<.01) because the number of lambs lying in an area did not evidence a location • time interaction. There was no effect of density on the distribution of lambs within single-level pens.
The distribution of lambs in the doubledecked pens is presented in figure 3 . The average number of lambs on the top deck was slightly less than that in the front or rear of the lower deck (P<.01). This distribution may be due to the confining nature of small pens. The upper deck was essentially restricted on all four sides by walls, requiring all lambs to remain entirely inside the area. In the lower two areas (front vs rear), the common border in the center of the pen was not walled so lambs on that section of the perimeter had greater freedom in positioning their bodies. As in the single-level pens, the front of the lower level was used proportionately more for standing (P<.01) and the other two areas evidenced more lying (P<.01). This is indicative of the use of the front area for feeding with the rear area and upper deck serving similar resting functions. Lambs in the two density treatments differed in total number of lambs (P<.01) and number standing (P<.05) and lying (P<.01) in the three locations. In low density pens, there were fewer lambs in the rear area of the lower deck than in the same area in the high density pens. This involved a slight increase in the number of lambs standing in the front and on the upper deck and an increase in the number of lambs lying on the upper deck. Because the lower density would allow greater freedom of location, the lambs used the rear of the lower level less and increased use of the alternate and apparently more favorable resting area of the upper deck, when compared with the high density treatment.
As in the single-level pens, there was an increase in the number of lambs in the front of the lower level of the double-decked pens during the afternoon (P<.01), with the greatest increase being in standing animals (P<.01). At the same time, the number of lambs lying on the upper deck decreased to a greater extent than in the other two areas (P<.01). The shift of total lambs and standing lambs to the front was greater in the low density pens than in the high density pens (P<.01 and P<.05, respectively). This again indicates that high density pens restrict movement to preferred areas.
In the fecal collection at the end of the trial, it was found that much of the defecation occurred in the front of the pens (60 and 45% in the single-and double-decked pens, respectively). However, a considerable proportion of the feces was collected from the upper decks (22%). This material, along with urine, would normally have fallen on the lambs in the rear of the lower level and may be the reason the lambs avoided the area to some extent when the density was low.
Use of the Upper Deck. Only 48% of the lambs in the double-decked pens were observed to use the upper deck during the 9 h of videotaping. There was a trend (P = .10) for fewer lambs to use the upper deck in the high density pens than in the low density pens (24 of 60 vs 34 of 60, respectively). As indicated in the 24-h observations, total use of the upper deck was slightly greater in the low density pens.
Production. The results of the production data for the trial are presented in table 3. Lambs in the high density pens gained less than those in the low density pens (P<.01) The aDirt in fleece (1 = clean, 5 = very contaminated).
bpenetration of stain in fleece (0 = none, 4 = to skin).
CStain on scoured fibres (1 = absent, 5 = heavy and deep). dNS = nonsignificant. difference in gain was 1.48 kg over the 8-wk period (26 g/d). Previous trials with growing lambs have failed to demonstrate a decrease in gain in crowded conditions. However, most trials used .37 m 2/lamb as the highest density treatment (Arehart et al., 1969) , whereas the present study used .32 m2/lamb. Stookey and Lewis (1981) reported that lambs could be restricted to as little as .28 m2/lamb up to a weight of approximately 27 kg without limiting gain. They did not attempt to keep larger lambs at such a density. The results of the present and previous studies support the recommendation that lambs fed to a market weight of 55 kg have a minimum space requirement of approximately .37 m2/lamb to achieve acceptable gain.
The lambs from the high density pens had a lower yield of clean wool, more vegetable material in the wool and higher stain and dirtiness scores, but these did not differ significantly from the low density lambs (table 3) . The penetration scores of the high density lambs were higher (P<.02) than those of the low density lambs, indicating that the dirt had worked further into the fleece. In general, it can be concluded that the high density treatment resulted in a slight decrease in wool quality, but this would not be a serious limitation to the system. In contrast to space restriction, double decking had relatively little effect on gain but considerable effect on wool characteristics. There was a trend for lambs in the doubledecked pens to gain less than those on a single level but the difference in gain was less than .75 kg over 8 wk (P<.10). Within the double deck system, those lambs observed using the upper deck tended to gain less than those that were observed on the lower deck exclusively, but the trend did not approach statistical significance (P>.10; table 4). Therefore, the necessity for lambs that used the upper deck to ascend and descend the ramp several times a day did not appear to restrict gain.
Lambs from the double-decked pens had higher dirtiness and penetration scores (P<.01) than did those from the single level pens. Shearing revealed that moisture and dirt had penetrated to the skin on a number of lambs in the double-decked system. Lambs from doubledecked pens produced lower (P<.02) yielding wool, which contained more (P<.01) vegetable material than lambs from the single level system (table 3) . The wool also tended to be more heavily stained (P<.10). Correlations between these traits and the significant scores for dirtiness and penetration were generally high (table 5), indicating that the traits are closely related. Within the double-decked pens, lambs that were observed only on the lower deck had higher dirtiness scores (P<.05) and tended to have higher penetration scores and lower yields of clean wool (P<.10, table 4). This is as would be expected because considerable amounts of feces and urine would fall on these lambs from the upper deck. Of greater concern than the quality of the wool from the double-deck lambs are the health problems that could arise secondarily from wet and contaminated fleeces. Although we encountered no problems in our trial, the heavily soiled lambs may be more bpenetration of stain in fleece (0 = none, 4 = to skin).
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susceptible to fly infestations in hot weather or to chilling during cold. Although pigs in the lower level of multiple deck systems are dirtier than those on the top (Kornegay et al., 1980) , the nature of their pelage reduces the significance of the contamination in comparison with sheep. There were no significant interactions of density and decking treatments on gain or fleece characteristics. In our trials, we examined a double-decked system that could easily be added to existing, or incorporated into new, facilities. By allowing the lambs to move freely between decks, it was only necessary to provide feed, water and handling facilities on one level. It was hoped that the upper deck would be used for resting and that defecation and urinations would be limited to the lower level. This was not the case, and contamination of the fleeces resulted. As the Iambs in the double-deck system chose either to use the upper deck frequently or to use the lower deck almost exclusively, the fleece contamination was variable and greater in the latter group. The major limitation to the use of a double-decked system for Iambs would appear to be removal of the feces and urine from the top deck. In the double-decked system, high densities resulted in different patterns of space utilization compared with low density pens. This suggests that movement may have been restricted at .32 m2/lamb. High densities reduced lamb growth, but increasing space by expanding the single floor area or by adding a second deck resulted in similar improvements in gain.
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